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ABSTRACT 

Tne Delphi Project is to develop improved procedures for the use 
of expert judgement in decision-makinq through computer-based 
on-line decision structure which can be employed to formulate 
policy p-oblems and select preferred policy options.  The laboratory 
configuration was completed and a series of experiments were 
conducted.  The next progress report will be published 1 Jan 74 
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-■ ON PROJECT:  1 JANUARY 1973 THROUGH 30 JiJM; 1973 

A i:; s 

Th ..•:;•:•. Project has as Ita continuing goal the d^v«lop«ent 

of Improved procedures for the use of expert judgment in decision 

■aking.  rh« long-rsngo program to iapiesient this aim In the 

CCBS context is the development of a prototype on-line decision 

structure which can be employed by governmental agencies or 

industrial decision-making groups to formulate policy problems 

and select preferred policy options. 

Hie orientation of the project is primarily experimental and 

technological, i.e., the laboratory testing of promising innova- 

tions in group judgment procedures.  In addition, about 201 of 

rhe effort is expended in developing related analytical tools 

and in pursuing theoretical developments which can further the 

expe rimer;' al program. 

Activities through June 1973 

Laboratory iixperimen "s 

The laboratory configuration for running Delphi experiments was 

completed during this period, and a series of experiments was 

conducted, using upper-class and graduate students at UCLA as 

subjects.  The experiments were concerned \-.-ith the utilization 

- — - ■  ■ ■ 
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\i   idditional   [factual)   lnfor»atio« by tfic subjects  in revising 

•     ,   estinates  of   ilnanac  type questions. 

rhc practical  La]»ort of this  research arises  from the fact that 

in tratiitional  procedures for applying group judgment to 

governmental   and   industrial   decision making   (panels,   committees, 

staff  studies,   etc..)   a  major  part  of  the  activity  of  the  group 

It   taken  up  by  assimilating   information which   is  not  "in the 

hea-is"   of  the  group  when   it   is   convened.     The  assimilative 

activity   Involves   collecting  and  reading  additional   books  and 

reportr,   site  visits,   briefings  by other  experts,   and  the like. 

Most,  of  these  activities   are  not  compatible Ifith  Delphi  procedures. 

Geographic  dispersal   of  panels   and  use  of mailed   questionnaires 

precludes   transmitting   large  amounts  of  information   to  each member 

of   the  group;   for  man/  Delphi   studies,   the  panels   are   large   (50  or 

more  nenbers]   which   rules  out  many of  the   traditional   information 

handling procedures  such as   face-to-face  discussion;   and generally, 

Delphi   studies  cnconpass  a '.vide   range  of  subject  matter which makes 

the  relevant  additional  material  unmanageably  large.      It  has  been 

an  underlying assumption  of many  Delphi   practioners   that using  a 

large   group  of  expert   respondents   assures   that  most  of  the  relevant 

information  is   already   in  the  heads  of  the  respondents,   or  readily 

available   to  them  as   individuals. 

\ 

There  are  reasons   for   suspecting  that   this   assumption  is  not 

justified.     It   is   clear   from   the  amount  of  effort   assigned  to 

•     -   r      -     ^ 
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self-cducati -  by cowittees chat this «ctivity La considered 

■  ' on • of the »o»« l«port3i,s coaponenta of the Broup 

Process.  Ir addition, tha rather iparse axp.ri«e«t.l 

''J'-'1  that exlsta 0i' th« »»bject Indicatef that utUiietloa of 

additional factual iaforMtion can Increase the accuracy of 

group judgaent by i largo factor. 

The deVelopnent of procedures for dealiaf Kith additional 

factual laferwition which can approximate the desirable features 

of the traditional "solf-education" activities of committees, 

and at the same time can be utilized La a DeJphi context is 

thus one of the crucial area, where additional capabilities 

^re needed.  The experimental series beg«« this spring is aimed 

*t ebtainin« data which win hc  UIeftt] for de,L,ning and tosting 

!;u:.h techniques. 

In earner experiments conducts at RANO. feed-in of additional 

Cactual material was identified as one of the most effective 

procedures for improving both individual and group responses.* 

When facts were fed in in random order, on the average there 

*as a decreasing return for each additional fact.  In the present 

^n^'nr i^r lU[}V''   KourVc.   Lewis and Snvder. StU 
Quality of Life. u.C. Heath, 1972 pp. 48-54'.    ^^ <iies in the 

■-■ ■ 
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series ( ': 8XP«""«nt«. subjects -ire presented with i monu of 

•:-- P k«rtla] Hcu   [that is, the fact:; are daicribed but 

«"■erlcal values arc not .tated.). ihc gubjact« rate cad, of 

:
H> four In tarn of thalr axpactad nine in improvinß tho 

»nawer to the primary Muostion.  The facts arc then presented 

In one of two orders, individually to each subject in the 

order of his rating or collectively to all subjectL in the 

order of the group average rating. 

To dare, four experimental sessions involving 10 subjects per 

■<c:;sicn md 10 primary questions, have been run in the individual 

selection mode, and five sessions varying from five to 10 

subjects, and four to 10 questions have been run in the group 

■.•lectio:: mode.  Ireliminary analysis of the data indicates 

that the hypothesis that error will   decrease much more rapidly 

under individual selection of facts than under random presenta- 

tion is home out.  In addition, the decrease in return per 

additional fact is greater with seif-selection. 

first returns on Lhe group selection mode indicate that the 

decrease in error is even more rapid under groun selection; 

hov/ev. r. the data is less extensive than for the individual 

n'ode, md appears to be interacting with the feedback of 

median, and modes of the first round answers.  (In the RAND 

experiments. Itatl^tical feedback in conjunction with additional 

facts did not appear to have a significant effect on group error. 

in the present experiaent, it appears that it might.  This could 

  - 
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l: ■■• ir- the exlstoace of feedback, feed-in Interaction n. 

the case that the Fact^ are lelccted, rather than beim 

prc-sc ,ted at randoa. 1 

;he acconpaaying figure shows the preliminary icsuits concern- 

ing feed in of facts.  The uppu.r curve shows the results for 

random feed-in for comparison. 

[n experinontal sessions, the CCB8 interactive system has 

worked smoothly and response tint of the system, has been well 

within the tolerance level of subjects.  The interactive features 

of the t/Sten have been crucial in conducting th- group selection 

lode of the feed-in of additional material, and hence, the 

experiaents have shown the value of the system for conducting 

aore coaplex types of Delphi exercises. 

One uncuticipated effect of the present configuration is the 

relatively slow pace of the group in completing a cycle of 

responses to I given question.  This appears to be almost 

entirely a result of the large variation in individual response 

times for the various subtasks.  It is possible that the complete 

Isolation of individual subjects in separate rooms contributes 

to this variability, and subsequent experiments will try more 

"open" ..onf igurat ion1-- to allow a mejsure of group self-pacing. 

it is hoped that this tactic will increase the amount of data 

collected within a given experiacntal session. 

......   iiiiM m*   IIIMI !■■ 
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ition •  replicattnjt some of the experiamt« concerned 

•  fced-in Of re] fane Facts fprimiriJy tu increase the 

of data to tenarate an acceptablo level of significance) 

fii Liar expariaents win be run during the fall where the mode 

ol renponse will be a probability distribution, rather than a 

point estimate.  These experiments will furnish data to assess 

the reliability of probability estimates, to evaluate the 

effect of factual feed-in for probability estimates, and to 

test several hypotheses concerning the dependence of anonymous 

probability judgments. 

Although at the uomont tho  data is net   sufficient to allow 

'"inali-.ing techniques for integrating external information 

in an applied Delphi exercise, a "first approximation" appears 

to he eiP.eiging from the experimental results.  A summary of this 

hypothetical set of procedures is perhaps the clearest, way 

to shoi. Che practical import of the relevant fact experiments: 

(i: The Flrat judgmental round of a Delphi exercise should be 

run in 'he ''standard" way -- i.e., anonymous judgments from the 

panel, using only the information in their heads, or what is 

conveniently incorporated into the questionnaire itself. (2) 

The first round questionnaire should include an open-ended set 

of response«, where each expert is asked to list information 

Which he thinks Ls available, feasible to obtain in a reasonable 

time, and is important for increasing the certainty of the group 

judgment,  (5)  For those questions where there is significant 

ii i mim m ■ !■■  I -    -  - ■ "  - 



disagreement   on  the   first   round   (significant   in   the   statistical 

sense)   and  where   the   list  Of  desired  iniormation   from  the 

respondents   is   highly  diverse,   an  auxiliary  round   is   run   to 

obtain   iudsments  of  relative   importance of     the  nominated  informa- 

tion.      (4)     Questions  with  high  agreement  on  the   first  round 

are  not   iterated.     Questions  with  disagreement  on  the 

answer,  but  reasonable  agreement  on  the needed   information,   are 

iterated,   with  as  much  of  the  nominated  information  as  can be 

obtained   included.     Tor  questions with disagreement  on both 

answers   and desired     .formation,   the  results  of  the  auxiliary 

judgments  concerning   importance  and  feasibility  are used to 

select   tue  items  of  information which are  researched  and  fed 

Into   the  groups,.      (5)     For  those  cases where  the  nominated 

mformat^n   is   relatively  extensive,   a division  of  labor  is 

'esigned,   based  on  the   individual   judgments  of   importance,   where 

the   relevant   inf(rmation   is   apportioned among   the  members  of 

the   group  m  roughly  equal   proportions. 

During  the  research   (collection)   phase of  this  procedure,   a 

quick  round may be   intercalated  to  determine  if one  or more 

members  of  the group  know  the  specific  information  requested, 

or  can   obtain  it  easily.     Here     -  standards   for  "know" would 

be   very  high. 

This   structure has  not   yet  been   tested.     It will   be   tested  in 

several   exerciser,   beginning   in  the   fall   of  1975. 

I    !■■■ 
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Utili:ation of TRACE  fot   Data  \vslysi^ 

An   exercise   is   under  way   Lo   assess   the  potential   role   of   the 

I'P.ACi'   system  for  analysis   of   the  data  base being  generated  by 

the   Delphi  experiments.     The  TRACE  data manipulation   capabilities 

are  well   suited  for  the  complex and multiply nested  data  structures 

produced by Delphi   exercises.     Development  of  a  convenient way 

to   routinely process  the  data  by TRACE  should  increase  the  speed 

and depth of  analysis  by  a   large  factor.     This  becomes  especially 

important  in  studying  the  "fine-grain"  effects  of  order of  facts, 

fact   ratings,   and  the   like. 

Design  of  formet ted  ConFercncc 

The   initial   design has   been  completed  for a  software   system that 

will   allow a  geographically  dispersed conference   (e.g.,  via 

the  A.RPA  Network)   to  be   conducted on  a  variety of  decision 

problems.     The  software  system  is  described as  a  formatted 

conference,   to  distinguish  it   from a number of other  computer 

conferencing  systems  that  operate   in  a  more open-ended  fashion 

(e.g.,   the  conferencing  system  developed at OEP by Murray Turoff.) 

The   system embodies   a  highly  general  model  of  the  problem 

identification  and  group  decision   process:   specification of 

objectives  or  goals,   specification  of policy alternatives,   and 

judgments   of  the  expected  contribution  of alternatives   to 

objectives.     The major  methodological  problem  facing   such  a 

• •■  --   - --- __ -■■•■   - - - . 



general grown process  La  the  formulation of techniques  for 

reducing   the  highly  diverse   attitudes  and  points  of  view of 

different meabers of a panel  to a coherent and Mnageable 

structure,   [n the prototype    decision  system unde:   development, 

major   reliance will  be  put  on  dimension-reduction  techniques 

such  as   multi-dimensional   analysis,   cluster  analysis   and  factor 

analysis.     As  of  the moment,   it   looks  as   it   cluster   analysis 

will   be   the most  useful   of  these  techniques,   but   the   system will 

incorporate   the  capability   to   use  all   throe,   thus   allowing 

comparison  of  their  relative  value  in  the  shakedov/n  exercises. 

Initially,   it   is  being  assumed   that   identification   of policy 

alternatives  can  be  carried  out   in much  the  same way  as   identifica- 

tion   of  goals  and objectives;   thus  a  common  group process  is 

being   set   up   for  these  two   activities.     The process   consists 

of  the   following  basic  steps:      (1)   Listing  by  each   panel  member 

of   the  most   important  goals   and  objectives   (or  policy  alternatives) 

for   the  present  decision  problem as  he  perceives  them.      (2)     Formula- 

tion  of  a  master   iiat  of  these   individual   items.      (5)     Group 

editing  of  the  items   in  the  master   list,   including   ratings   for 

clarity,   for  relevance   (or   importance)   and  for  identity  among 

items.      (J)     Withdrawal  or  rewriting  of unclear  items,   and 

consolidation  of  identical   items.      (5)     Sorting  by   each   individual 

of   the   edited   list   into  what   he  perceives   as   similar  categories. 

(6)     Use  of a cluster  routine   (or multi-dimensional   scaling  or 

factor  analytic  routine)   to   aggregate  the   individual   classifica- 

tion   and   tormulate  a   (much   shorter)   list   of  aggregated  goals   and 

u    -  ..- ■ -     ■' "—" ^ ■ ■     ■ 
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ob .i ret i ve : (o r po 11 cy a 11 e rna 11 ve s j. 

The software system shoul-i bi,- running In prototype In the Fail 

of 197.5.  Shakedown exercises will investigate both the efficiency 

Of the system as a method of decision formulation and the meaning- 

fulness of the aggregated objectives and policy alternatives 

to the group members.  By the spring of lf.)74, the system should 

by ready for a p.'lot study with either a governmental agency group, 

or an industrial contractor.  The selection of an appropriate 

client will be made in cooperation with ARPA, 

Other usts of the decision analysis system are envisaged in 

addition to direct use in decision exercises by operating 

agencies.  The output of t' ^ lystM can he used in a number of 

experimental studies or basic aspects of group decision-making. 

One of the important features of cluster analysis routines is 

that they generate a hierarchy of items at different levels of 

generality,  Put shortly, the system will generate a set of 

nested decision models of various levels of abstractness.  Such 

a set o<" models will enable the testing of hypotheses concerning 

the optimal level of detail for formulating decision problems, 

as a Function of the degree of uncertainty of the group concerning 

basic element's of the problem.  Similarly, they will enable 

testing of various hypotheses concerning the optimal way to 

combine indices of uncertainty (dispersions or self ratings) 

for compK-x judgments. 

——— -—  
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Analytic Deve!opaentü 

Cross-Jüipact matrices.  In the previous semi-annual report, a 

basic development in the theory of cross-impact matrices was 

described.  This is formulation of a distance measure whereby 

a set of probabilities can be mapped onto a metric space. 

Since then a beginning has been made in treating the theory 

of cross-impacts as a function of time.  The elementary theory 

has been fully developed, but is too complex for event sets of 

the size met with in practice.  U'ork is continuing on the 

derivation of a reasonable approximation for large sets of events. 

Probability Aggregation.  The analysis of group judgment 

definel as an aggregation of probability judgments by individuals 

has been extended by application of probabilistic scoring rules 

to several potential aggregation methods.  The major outcome of 

this analysis is that if the aggregation rule is a statistical 

composite fa mean, geometric mean, or the like) then the 

probabilistic score of the composite is always greater than or 

equal to the average probabilistic score of the individual 

members; if the aggregation rule is an optimal estimate, 

•■ploying Bayes' rule or an inverse Bayes' rule, then the net 

probabilistic score (defined as the score, minus the score 

that would be obtained by using the a priori probabilities as 

an estimate) is given by the expression 5(6) = n^TT) + D, where 

S(G) is the net score of the group, SlTT is the average net 

score of the individual members, n is the number of lembers of 

- 

  -- -  
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nie group, and D is the txpected dependence among the individual 

estimates,  if D is taai] or positive, ;,nd the average momher 

9£ the group has a positive net score, thm the group does "n 

times as well" as the average individual; if on the other hand, 

the average net score of the individual members is negative, 

then the group does "n times as bad" as the average individual. 

These results have been incorporated in a revised version of 

TM-37 "Delphi, Some Basic Considerations".  Some of the up- 

COming  experiments with probabilistic judgments will be used 

to generate data that will identify condicions under which the 

cptinstic tvpe of result can he expected to occur with probabilistic 

aggregation. 

Model of estimate Change with Feedback.  A mathematical model 

has been developed to describe the change in group distributions 

of point estimates between round one and round two, when the 

group receives feedback of medians and quartiles from round one. 

Analysis of data on individual estimate change indicates that 

a good approximation is the individual shifts toward the median 

• constant fraction of his distance from the median on the 

-irst round; i.e., for a distribution where the median ■ 1, 

x ' - x (1 - s) + s 

where Jt« is the second round estimate, x is the first round 

estimate, end 0 < • < 1 is the fractional change.  From extensive 

data on individual changes, s -.b; i.e.. the individual does a 

little v.ore than "split the difference" between his location 
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and that of the nedian. 

The second part of the model is the assumption that the first 

round distribution is loj normal.  This assumption has been 

well verified by previous studi 
es.  The geometric mean on the 

second round (CM-) would be predicted to be (for a lo 

distribution with mean of the log transfo 

g normal 

rm = o and standard 
deviation ■ 1.) 

dy 

Fo r | = 
6, the oquation predicts an increase of U«. in the 

g«~tric mean hctueer. round one and reund tKo.  This is sll.ht1y 

-aller than the ob.erved increase of about 1«.  „ thc mommt 

It is not clear whether this discrepancy is due to departures 

fron, the assumption of UgnonuaUty on the part of specific 

distrrhutions for specific questions, or whether there is see 

additional factor leading to improvement on feedback.  The 

«Od.! ignores some of the change behavior in the vicinity of tl 
;he 

niedian. 

Additional  Actlviti es 

Norman  Da,hey participated  ir   . UHBSCO working conference on 

Men  and  thc   Biosphere   -if  miKQrrt rr„„ 3 »pnvTt   at   öHBbCO Headquarters,   Paris, 

France, during  the week of March  76-^n    107t   «1 •arcn  .0   so,   19/3,  where  he presented 

 —*—**-' - ■  - - —    1 ~~  ^n  t_ 
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I paper on "State of the Art in Measurement of Quality of Life" 

anü chaired the working group on methodology in research on 

environm ntai perception.  He has acted as an informal consultant 

to the Public Health Service (NliiJ on evaluation of research 

proposals, and to the Air Resources Board of the State of 

California on a Delphi evaluation of disability resulting from 

types and amounts of air pollutants.  He also consulted with 

the Air Force Office of Medical Personnel on a service-wide 

Delphi study of medical personnel problems arising from the all- 

volunteer policy. 

Forthcoming Reports 

1. Elementary Cross Impact Model Including Dependence on Time. 

2. A Model of Croup Judgment Change as a Function of Statistical 
Feedback. 

Re;arts Issued 

TM-37  Delphi:  Some Basic Considerations. 

TM-42  A Delphi Study of Factors Affecting the Quality of Life. 
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